The 
Introduction
Computed torque method is an effective method in the tracking control of the robot, and the properties are very advantageous [1] . However, there exist two difficulties: 1) to complete the rapid computation for the robot's dynamic model; 2) to comprehend the dynamic model accurately in advance. They are caused by the poor robustness of computed torque method in the case of unknown model. In practice, it is difficult to get a relatively ideal robot dynamic model, besides, the parameters of the dynamic model may change in manipulation process and affected by various uncertain factors, such as environment and load variations. Whereas, this does not indicate that the computed torque method is invalid.
In recent years, many scholars present various tracking control schemes of uncertain robotic manipulator based on computed torque methods. Wijesoma [2] combined the variable structure control with the computed torque control to implement the tracking control, but the method involves the complicated inverse operation of inertia matrix; Neural network [3] [4] , as the functional approximation device, may emulate the concentration uncertainty of the system and superimpose on the computed torque controller. It can also realize the tracking of the desired trajectory. Moreover, the combination of many control algorithms like model reference adaptive control [5] algorithm and the computed torque method can also complete the tracking control of uncertain robotic manipulator.
Fuzzy control mainly depends on the operator's experience and is controlled by applying the fuzzy set theory which has the following features: it does not need to know the accurate mathematical model of the controlled object, and it just requires control experience or operating data. For some complex systems, such as robot system, electrohydraulic servo system, it is difficult to establish accurate mathematical model by the classical control theory, therefore it is more appropriate to use fuzzy control. Control rules are usually expressed by language variables, and can be realized by the simple software and hardware; It is easy to establish rules of language variables to implement real-time control; It has strong robustness and is not sensitive to changes of process parameters,
Preparations
In recent years, many scholars have proved that the fuzzy system can approximate any continuous function at an arbitrary precision. The brief introduction will be given below.
Considering a multiple input and single output fuzzy system, its input variables:
, are denoted by the vector: 
is the fuzzy set of y , belonging to the function
. Assuming that the input variables belong to the Gauss function, i.e.,
Membership function with output variables is fuzzy single point. Using the product inference method and weighted fuzzy algorithm, the output of the fuzzy system is 
The universal approximation theorem provides the theory basis for the fuzzy system being used to almost all the nonlinear modeling problems. It shows that there exists fuzzy system with the form of Eq. (3) to approximate the given function at an arbitrary precision. The fuzzy logic system has the important function of using language information effectively with the uniqueness different from the other universal approximation devices (the polynomial approximation, the neural network approximation).
Problem Description and the Controller Design
For a serial robot with n degrees of freedom, when the function of torque exists at each joint, we can use the Lagrange method to establish the robot dynamics equation as follows
are respectively the position vector, velocity vector and acceleration vector of the 1
 is the corresponding force/Torque vector on the joint
is the Centripetal force torque and Coriolis force in
When the dynamic model of robot system is precisely known and is not affected by external disturbances, namely,
( q G will also be precisely known, and
into Eq. (6), one has
is the trajectory tracking error in Eq. (7), and K may result in the tracking error asymptotically converged to zero. In the actual system, however, due to the uncertain elements impacting the robot, it is difficult to get the accurate dynamics model of robot system. Therefore Eq. (6) should be changed into
are the known parts, and
describe the uncertainties of the system, insert Eq. (7) and Eq. (9) into (6), one has： 
represents the concentration uncertainty of the system. The objective of this paper is: to design a computed torque controller and a fuzzy compensation controller and the two controllers can work together on the system (6), so that the robot system can track the given desired trajectory, i.e., to design the controller as:
where 0  is the computed torque controller defined as in Eq. (7), and c  is the compensator controller designed below.
Using the concentration uncertainty ) ( x  in the approximation robot system (6) in the fuzzy system mentioned in the above section, we suppose
is the estimate value of the fuzzy approximation of ) ( x  , the compensation torque is selected according to the following equation:
where W is a weight matrix,  is fuzzy basis function vector, and  W is the optimal value of W being a constant matrix and satisfying：
Thus, the application of the concentration uncertainty of robot in the fuzzy system can be expressed as:
where  is the approximation residual of the fuzzy system. Insert the overall control law Eq.(11) into the robot system Eq. (6) , the closed-loop error equation of the system is: 
. And then we have the following theorem: Theorem: apply the computed torque controller (7) and the fuzzy compensator controller (12) to the robot system (6), i.e., the selection control law (11) and take the following adaptive law:
Then, the closed-loop system of the robot (6) is asymptotically stable. In the above equation
is the gain matrix, P is the symmetric positive definite solution of the following Racctia equation: 
Insert (17) and (18) into the above equation, one has:
, one obtains:
It is easy to see
, which shows that x and W are bounded. The above equation can read as:
according to Barblet lemma, we have:
Thus, the closed-loop system is asymptotically stable.
Simulation
In this section, we will verify the algorithm proposed in this paper by an uncertainty second connecting rod manipulator system, let the dynamics equation of mechanical arm as Eq. (6), the parameter expressions are given as: 
are respectively the quality of the ith connecting rod, the length and the moment of inertia. We provide the following three simulations to illustrate the issues.
Simulation 1
Assuming that the model of the mechanical arm system is accurately known and is not affected by the uncertainty, the physical parameters are respectively 
Simulation 2
Based on the above context, assuming that the physical parameters of the system are not precisely known, and the actual values of physical parameters are:
And the system is affected by external disturbances of
, all the other parameters like the nominal value of physical parameters, desired trajectory, control parameters and simulation are totally the same. Then, the tracking curves gained are shown in Fig. 2 which demonstrates that the control performance of the computed torque control is very poor under the unknown parameters and the external disturbances. 
Simulation 3
Based on Simulation 2, we use the control strategy of theorem 1 to overlay fuzzy compensator controller on the computed torque controller (7), the membership function can be taken as: . The simulation results are shown in Fig. 3 . It is obvious to see that the control strategies proposed in this paper can compensate for the influence of system uncertainties. Fig. 1, Fig. 2 and Fig. 3 presented above respectively indicate the motion trail of the two joints when the three control algorithms have effects on 2 degrees of freedom robotic manipulator (In the three figures, the sub-graph on the left refers to the motion track of Joint 1, while the sub-graph on the right indicates the motion track of Joint 2.) Note 2: In Fig. 1, Fig. 2 and Fig. 3 above, the horizontal axis represents time, the vertical axis indicates the position of the joint movement.
Note 3: In Fig. 1, Fig. 2 and Fig. 3 above, the dotted line represents the desired trajectory, the solid line indicates the actual track.
Conclusion
Computed torque algorithms are an effective method in controlling accurate robotic manipulator system of dynamic control model. But in practice, it is impossible to get accurate dynamic model of robotic manipulator. In order to solve this problem, we propose in this paper a compensator control strategy based on fuzzy adaptive controller, which is divided into two parts: the computed torque controller is used to control the known part of the system; the fuzzy logic system is used to study the uncertainty of robotic manipulator system so as to compensate for the uncertainty, its parameters implement adaptive adjustment. Under Lynapunov, the whole closed-loop system is asymptotically stable. The simulation results show that the algorithm is effective.
